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WIND-TUNNEL INVEST I OAS ION OP AN N.A.C.A. 23021 AIRFOIL 
WITH TWO ARRANGEMENT S OF A 40 -PERCENT- GEORD SLOTTED FLAP 

By Frank Duschik 



SUMMARY 



An inves t igat ion was made in the N.A.C.A. 7- by 10- 
foot wind tunnel of an N.A.C.A. 23021 airfoil with two 
arrangements of a 40-percent~chord slotted flap. The ef- 
fect of slot shape, flap position, and flap deflection on 
the section aorodynanic characteristics was doternined.' 
The envelope polars and the section aerodynamic character- 
istics are given and are compared with those of an N.A.C.A. 
23021 airfoil with a 2b . 66-per c en t-chord slotted flap and 
of an N.A.C.A. 23012 airfoil with a 40-porc ent-chord slot- 
ted flap. -Platted contours of flap-noso positions for 
naxinnn. lift and minimum drag were used for selecting op- 
tinun flap paths. 

Both the nasinun lift coefficients and the nininun 
drag coefficients were higher for the N.A.C.A. 23T)21 air- 
foil with the 40-percent-chord flap than for the N.A.C.A. 
23021 airfoil with the 25. 66-percent-chord flap, but the 
percentage increase in drag was greater than the percentage 
increase in lift. A comparison of the aerodynamic charac- 
teristics of the N.A.C.A. 23021 airfoil with a 40-percent- 
chord flap and of the N.A.C.A. 23012 airfoil with a 40- 
percent-chord flap showed that the thick section reached 
approximately the same maximum lift as the thin section but 
as anticipated, had a considerably higher drag coefficient. 



INTRODUCTION 

* 



The National Advisory Committee for Aeronautics is con 
ducting an extensive investigation to determine the rela- 
tive merits of various types of lift-increasing devices. 
For tLse in tak.e-off , a high-lift device capable of produc- 
ing .high lift with low drag is desirable. For use in land- 
ings, however, high- lift with variable drag is believed 
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desirable. The slotted flaps being investigated by tho 
1T.A.C.A. are apparently capable of fulfilling these con- 
flicting re qui r en eat s * 

The purpose of the present tests was to determine 
the aerodynamic characteristics of the H.A.C.A. 23021 air- 
foil with a 40-percent-chord slotted flap. The soction 
aerodynamic characteristics of -the present airfoil-flap 
combination are compared with those of an H.A.C.A. 23021 
airfoil with a 25. 66-percent-cho"rd slotted flap and of an 
H.A.C.A. 23012 airfoil with a 40-porcent-chord slotted 
flap. 



MODELS 
Plain Airfoil 



An H.A.C.A. 23021 airfoil with a 3-foot chord and a 
7-foot span was the basic model used in these tests. The 
ordinates for the H.A.C.A. 23021 airfoil section, are giv- 
en in table I. The nose and the trailing edge- of the 
model were built of solid laminated mahogany and tho por- 
tion of the airfoil botwoon the nose and the trailing edge 
was covered with hard composition board. The trailing- 
odgo part of this nodol is easily removable so that tho 
model. can bo alterod for tests of the, difforont flap ar- 
rangements. 



Slotted-Jlap Arrangononts 

Tho flap and the pieces that form tho slot shapes 
wore built of solid laminated mahogany. The forward walls 
of the slot shapes were bolted to the main airfoil in 
placo of the solid trailing edge. The flap ;*as attached 
to the airfoil by special fittings that poruitted the ro- 
quired variations in flap doflection and flap position 
relative to the slot lip. 

fflaT) . - Flap 1 (fig; 1 and tablo l) is similar to 
flap 1 of reference 1. A moderato flap-nose radius was 
used in order to restrict the size of tho break in tho 
lower surface of tho airfoil with the flap retracted. 



Slot shapes .- Slot- shapes a and b (fig» 1) woro 
tested with 'flap 1. Slot shape 'b is similar to. slot 
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shape h of ref crcaco 1, which -jare the lowest drag at 
high and intermediate Lift coefficients. Slot shape a 
was designed to reduce the. "break in the lower surface of 
the airfoil and thereby to minimize its effect "on the "drag 
of the airfoil with the flap retracted. 

The nodels were nade to a tolerance of db.0.015 inch. 



T3STS 



The nodels were mounted vertically in the closed 
test section of the il.A.C.A. 7- by 10-foot wind tunnel 
(references 2 and 3) so that they completely spanned the 
jet except for snail clearances at each end. The main 
airfoil was rigidly attached to the "balance frame "by 
torque tubes, which extended through the upper and" the 
lower "boundaries of the tunnel* The angle of attack of 
the model was set from outside the tunnel "by rotating the 
torque tubes with a calibrated drive. Approximately two- 
dimensional flow is obtained with this type of installa- 
tion and the section characteristics of the nodel under 
•test can he doternined. » " : 

All tests wore made at a dynamic pressure, of 16.37 
pounds per square foot, corresponding to a velocity of 
approximately 80 niles per hour .under standard atmospheric 
conditions and to an average test Eoynolds Uun.ber of ap- 
proximately 2,190,000. Because of tho turbulence in the 
tunnel, tho effective Eeynolds IFunber, R 0 , (reference 4) 
was about 3,500,000. For all tests, R c , is based on tho 
chord of the airfoil with tho flap retracted and on a tur- 
bulence factor of 1.6 for the tunnel. 

Plain airfoil .- The lift, the drag, and the pitching 
moment of the basic airfoil were obtained throughout the 
angle-of-attack range from -6° to the stall. Tests wore 
first nade with the slot-opening breaks completely faired. 
, The effect of the break. in the upper surface of the air- 
foil and also the combined effocts of tho breaks in the 
upper and the lower surf aces ►were determined by testing 
the airfoil with these breaks successively uncovered. 
Tests were also made to determine the effect of tho flap 
hinges with the flap neutral. .- 

Slotted flaps .- Slottod.-f lap arrangements l~a and 1-b 
were tested to detornine the optimum positions for maximum 
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lift at flap deflections from 10° to 50° in 10° increments., 
Tho positions for low drag at selected lift coof f ic ient-a 
were investigated for only the 10° and the 20° flap deflec- 
tions. Data were obtained- throughout the angle s- of -at tack 
range fron -6° to tho stall. 

jtfo scale-effect tests w*oro made bocause the rosults 
of earlier tests of the ET.A.C.A. 23021 airfoil with a 
25, 66-percent-ohord slotted flap are considered applicable 
to the results of the present investigation (reference 1), 



EESULTS AND DISCUSSION 
Coefficients 



All tost results arc given in standard section non- 
dimonsional coefficient forn .corrected as explained in 
reference 3# 

c^i section lift coefficient (l/q,c). 

c,i o> section profile-drag coefficient (d 0 /qc). 

c m , * , section pitching-noment coefficient about 
^a»c,; 0 aerodynamic center of plain airfoil 

■ (a(a.c.) 0 /<ic 3 ). 

whore I is section lift, 

d Q , section profile drag, 

n (.i,c,) 0 » section -pitching nonont, 

q, dynamic pressure (1/2 pV s ) . 

c, chord of basic airfoil with flap ful-ly retracted, 

and a 0 , is angle -of attack for infinite aspect ratio. 

8ft. flap deflection. 



Pro:C i s ion 



The accuracy of tho various measurements in the tests 
is believed to be within the following limits: 
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a. ±0.1° Cfl .- ±0.0006 

CL °(c 1 = x.o) 

c , - _ - - ±0.03 Ca k - - - ±0.002 

c n . _ _ - - ±0.003 o>- 

(a.c.) 0 

c d - - - +0.0003 Flap position - - - ±0.001c 



- ±0.003 8*- - - - ±0.2° 



"°nxn 

The data for tho flap-neutral conditions have boon 
corrected for the effoct of tho flap-hinge fit tings but 
no corrections have been nade for tho effoct of the flas- 
hing© fittings with tho flap doflcctod because tho effect 
was believed to be snail. It is thought that the relative 
nerits of the two flap arrangements are not appreciably 
affected because the s.me hinge fittings wore used for 
both arrangements. 



Plain Airfoil 

Aorodynanic characteristics . - The complete section 
aerodynamic characteristics of the U.A.C.A.- 23021 "plain 
airfoil are given in figure 2.- Since these data are dis- 
cussed in reference 1, no further discussion is presented 
ho-re. , 

. Sffoot, on -profile drag of broaks in surface of air- 
foil at' slot. oponiaKS .- The effect of breaks in both tho 
ux^per and the lower surface varied with lift coefficient 
(fig. 3). She value of the incrcuent of profile-drag co- 
efficient, Ac^ o , ; duo to the upper-surface break was 

0. 0005" at ' e^ = 0 and decroased linearly with lift coef- 
ficient to 0.0002 at cj .= 1.2i The slo.t-oponing break in 

the lower surface of tho airfoil produced nearly twice the 
inc renent of ' pr of ile-drag coefficient with slot shape b 
as it did with slot shape a. For slot shape ' a, tho val- 
ue of tho drag-coefficient increment was 0.0014 at c ^ = 0 
and reached', a '-naxinun of about 0.0020 at c.^ = 0.85. ^or 

slot shape, b, -the value of the drag-coof f iciont incro- 
nent was 0.0025 at c^ . = 0 and reached a naxlnun- of noarly 

0.0046 at . c^ .=± 0.80. 
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Much of the increase in profile drag causod- by the 
"breaks in the lower surface of the airfoil could probably 
be eliminated by using a door to seal these breaks when 
the flap is retracted. 



Slo tted-fflap Arrangcnents 

Determination of optimum arran^onent s for maximum 
lift .- The data in this section are • pros ontcd as contours 
of position of the flap-nose point relative to the slot 
lip for a given lift coefficient. Che nose paint of the 
flap is defined as trhc point at which a lino drawn per- 
pendicular to the chord lino is tangent to tho loading** 
edge arc of tho flap when neutral, as shown in figure 1. 
Those data wore obtained by determining tho lift and tho 
drag coefficients of the airfoil for a large mrabor of 
positions of the flap-nose point at various flap dof lec- 
tions with each slot arrangement. 

Maximum- 1 if t contours for slotted flaps 1-a and 1-b- 
deflected from 10° to 50° in 10° increments are prosontod 
in figures 4 and 5, respectively. The highest value of 
lift coefficient for slotted flap 1-a, 2.79, was obtained 
with the nose point of tho flap locatod either 2.5 porcont 
c below and 0.5 percent c behind tho slot lip or 2.5 per- 
cent c below and 1.5 percent c ahead of the slot lip and 
at a flap doflection of 50°, Tho highost value of lift 
coefficient for slotted flap 1-b, 2,87, was obtained with 
the nose point of tho flap located either 2*5 porcent c 
below and 0.5 percont c behind tho slot lip of 4.5 per- 
cent c below and 1.5 percent c ahead of the slot lip and 
at a flap deflection of 50°. 

The lift-coefficient contours for the 10° and the 20° 
flap defloctions are given only to provide maxinun-lif t 
data and are of secondary importance in connection with 
tho choice of tho optimum flap positions. Tho optimum 
positions of tho flap-nose point for those small deflec- 
tions will probably bo chosen from considerations of low 
drag as well as of mechanical practicability. 

During operation with a largo flap gap, the air flow 
tended to become unsteady; that is, tho airfoil tonded. to 
roach two different values of maximum lift coofficient 
for a certain position of— tho flap-nose point. This of- 
fect is mentioned in referenco 5 and is attributed to tho 
critical air-flow conditions usually associatod with largo 
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gaps "between the flap and the slot lip. Tho unsteadiness 
can probably "be avoided "by maintaining the size of the gap 
equal to, or less than, the optinun. 

The contours presented in this report facilitate the 
selection of flap paths that are "best fron aerodynamic 
considerations. If it is inpract icable to use the "best 
aer od~r.ar.ic path because of structural disadvantages, the 
effects produced by a deviation fron this path can readily 
he evaluated. Complete section aerodynamic characteris- 
tics for the selected optinun -combinations of flap path and 
flap deflection are given in a later section of this paper. 

Set orninat ion of optinun arrangements for profile 
drag . - The optinun positions of the flap-nose point for 
the low-drag condition were determined. The solo criterion 
for the choice of these positions was the "drag coefficient 
for a given lift coefficient. The drag data for slotted 
flaps 1-a ancl 1-b are therefore presented in figures 6 and 7 
as contours of tho position of the flap-nose point for con- 
stant drag coefficients, at certain selected lift coeffi- 
cients, c^ = 1.5 and 3.0, for the 10° and the 20° flap 

deflections. By neons of those contours, the optinun path 
for the flap-nose point fron a consideration of the lift- 
drag ratio can be chosen. If structural considerations 
make inpract icable the use of tho optinun path, the in- 
crease in drag coefficient caused "by a deviation fron~this 
path can "be easily dotornincd. 

Section aorodynanic characteristics of selected op- 
tinun arrangement s ♦ - Tho conpleto section aerodynanic char- 
acteristics of selected optinun arrangements are given in 
figures 8 and 9. As previously nontioned, the positions of 
the flap-nose point for flap deflections less. than 30° were 
chosen from considerations of lowest drag coefficients at 
specified lift coefficients, c^ = 1.5 and- 2.0. The ar- 

rangenents for flap deflections .of 30°, 40°, and 50° wore 
choson from a consideration of naxinun lift coefficient. 
Data are also given for locations of the flap-nose point 
that arc not on the host aerodynamic path because the -re- 
production of this path by neohanical noans nay not be 
feasible. The conpronise paths shown in figures 8 and 9 
will hereinafter be called the optinun paths. Both struc- 
tural and aerodynamic features wore given consideration in 
the selection of these paths. The positions of the flap- 
nose point for tho various flap deflections are tabulated 
in figures 8 and 9 and the paths are plotted on the diagrams. 
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Section-characteristic data for positions other than those 
shown are availablo -upon request* 

She c^ o curve for slofctod flap 1-b at the 30° de- 
flection was quite erratic. tfhis sane condition was en- 
countered in the tests reported in reference 5 and Was 
attributed to the critical air flow that is usually pres- 
ent at this deflection when the gap between the flap and 
the slot lip is wide. 

Comparison of selected optimum arrangements . - Th o 
envolapo polars for flaps 1-a and 1-b given in figure 10 
were obtained from the section-characteristic curves in 
figures 8 and 9. A comparison of the polars shows that 
the drag coefficients for slotted flap 1-b are lower than 
those for. slotted flap 1-a at corresponding values of sec- 
tion lift coefficient for c^ > 0.94. Slotted flap 1-b 

appears to be more desirable than slotted flap 1-a for 
take-off at lift coefficients above 0.94. At values of 
lift coefficient less than 1.1, the prof ile-drag coeffi- 
cients for the plain wing are. lower than those for either 
of the two flap arrangements. If a door were used to 
close the lower slot-opening break, it is believod that 
the drag coefficients for both arrangements would bo about 
tho same as those for the plain airfoil at values of 
c l S 0.94. 

The comparative merits of slotted flaps 1-a and 1-b 
from considerations of maximum lift coefficient are shown 
in figure 11, where the increments of maximum lift coef- 
ficients, Ac^ , are plotted against flap deflection 

El 3.2C 

when the flap is moved along" the optimum path. For all 
deflections, slottod flap 1-b produced a-groater incre- 
ment of maximum lift than did slotted flap 1-a, and it 
may also be noted that the maximum increment of maximum 
lift coefficient is attained at a lower flap deflection 
with flap 1-b than with flap 1-a. 

The- diving-moment (negative pitching-monent ) coeffi- 
cients of slotted-flap arrangement 1-b are substantially 
groater than those of slotted flap 1-a for corresponding 
lift coefficients. (Soo figs. 8 and 9.) 



Comparison of slotted flaps of different chords . - 



In figure 12, the envelope polar of the 0.40c slotted flap 
1-b is compared with those of tho 0.2566c slottod flap 2-b 
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on tho N.A.C.A. 23C21 airfoil and of the 0.40c slottod 
flap 1-h on the N.A.C.A. 23012 airfoil. Tho 0.2566c 
slottod flap 2-b on the E\A.C.A. 23021 airfoil was used 
in the coaparison instead of slotted flap 1-b "because 
slotted flap 2-b seencd to be tho best of those reported 
in reference 1» At corresponding values of the lift co- 
efficient, the ST.A.C.A. 23021 airfoil with tho 0.40c "flap 
has a slightly greater drag than the sane airfoil with a 
0.2566c flap; however, the value of ci for the alr- 

foil with the 0.40c flap is also slightly greater than 
that for the airfoil with the 0.2566c flap. The profilo- 
drag coefficient of the ST.A.C.A. 23012 airfoil with the 
0.40c flap is lower than that of either of tho other two 
conciliations for any given lift coefficient. 

At conparable lift coefficients, the pitching-nonent 
coefficients for tho N.A.C.A. 23021 airfoil with the 0.40c 
slotted flap were about the sane as those of the airfoil 
with the 0.2566c flap. 

A conparison of the increnents of o\ ' for tho 

nax .. . _ ... 

0.2566c and tho 0.40c slotted flaps on tho N.A.C.A. 23021 
airfoil is shown in figure 13. Tho fairing of the broken- 
line section of this curve was sonewhat arbitrary, but tho 
general contour of the curve was nade to conforn with that 

of the curvo showing the variation of Ac. with flap 

'max 

chord in figure 13 of reference 5, It should be noted 
that the gain in Ac l nax obtained by increasing tho flap 

chord fron 25.66 percent to 40 percent is considerably 
less than the. gain 'obtained by increasing it fron 10 per- 
cent to 25^66 porcont. - - 



C OITOLUD Hff C- BE MARK S 



The naxinun lift coefficient for the N.A'.C.A. 23021 
airfoil with the 40-oercont -chord flap, was sonewhat higher 
than that for the airfoil with the 25. 66-porcont-chord 
slotted flap but the profile-drag coefficient at conparable 
lift coefficients was also higher. 3For any given angle of 
attack and flap deflection, the lift coefficient of the 
JT.A.C.A. 23021 airfoil with tho 40-percent-chord slottod 
flap was higher than that of the N.A.C.A. 23021 airfoiT - 
with tho 25. 66-perccnt-chord slotted flap. "~- 
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Tho naxiaun lift coefficient attained "by the N.A.C.A. 
23012 air.foil and slotted flap was slightly higher than 
that obtained with the N.A.'C.A. 23021 airfoil and slotted 
flap and, as expected, the profile-drag coefficient at any 
given lift coefficient was lowest for the 17. A. C. At 23012 
airfoil with tho 40-porccnt-chord slotted flap. 



Langloy Memorial Aeronautical Laborat ory , 

National Advisory Comnittoo for Aeronautics, 
Langloy Field, Va. , August 23, 1939. 
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TABLE I 



Ordinates for Airfoil and Flap Shapes 
(Stations and ordinates in percent of wing chord) 



N.A.C.A. 25021 Airfoil 



Station 



0 

1.25 

2.5 

5 



7, 
10 
15 
20 
25 
30 
40 
50 
60 
70 
80 
90 
95 
100 



Upper 
surface 



4. 87 
6.14 
7.93 
9.13 
10.03 
11.19 
11. 80 
12.05 
12.06 
11.49 
10.40 
8.90 
7.09 
5.05 
2.76 
1. 53 
.22 



Lower 
surface 



0 

•2.08 
•3.14 
•4.52 
-5.55 
•6.32 
-7.51 
•8.30 
•8.76 
•8. .9 5 
■8.83 
•8.14 
-7.07 
•5.72 
-4.13 
•2.30 
-1.30 
• .22 



L.E. radius: 4.85. Slope 
of radius through end 
of chord: 0.305. 



Flap 1 


Stat ion 


Upper 
surface 


Lower 
surface 


0 

. 63 
1.25 
2.5 

5 

7.5 

10 
11 
20 
30 
35 
40 


-2.70 

0 

1.00 
2.48 

4. 51 

5. 85 

6. 59 
6 . 70 
5.05 
2.76 
1.53 

.22 


-2. 70 

-6.14 
-6.09 
-5.72 

-4.13 
-2. 30 
-1.30 
- .22 


Center of L.E. arc 


3.78 


-2.15 




L.E. radius: 3.80 
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Section lift coefficient, c t 

Figure 2.- Section aerodynamic characteristics of N.A.C.A. 
23021 plain airfoil. 
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fig. 3 
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figure 3.- Effect of slot openings in surfaces of airfoil on section 
profile-drag coefficients, -The 0.40c slotted flaps j 6 f ,0° 
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Figux* 4.- Contours ot fl»p looation. for Oi,^. The 0.40o •lotted flap l-». 
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Fig 




.8 12 1.6 

Section lift coefficient, c, 

Figure 8.- Section aerodynamic characteristics of N.A.C.A. 
0.40c slotted flap 1-a. 



23021 airfoil with 
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.8 1.2 1-1 /-& 7S 2.0 

Section lift coefficient, c, 

Figure 9.- Section aerodynamic characteristics of N.A.C.A. 23021 airfoil with 
0.40c slotted flap 1-b. 
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Figs. 10,12 
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Figure 10.- Comparison of envelope polars for N.A.C.A. 23021 airfoil with 0.40c 
slotted flaps. 
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Figure 12.- Comparison of envelope polars for N.A.C.A. 23021 airfoil with 0.2566c 
and 0.40c slotted flaps and N.A.C.A. 23012 airfoil with 0.40c slotted 
flap. • • 
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Figure 11.- Comparison of increments of maximum lift coefficient 

for slotted flaps 1-a and 1-b when moved and deflected 
along the selected optimum paths. 
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Figure 13.- Variation of increment of section maximum lift coef- 
ficient with, flap chord. Slotted flaps on N.A.C.A, 
23021 airfoil. 



